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PREDICTING AVATAR MOVEMENT IN A DISTRIBUTED 



VIRTUAL ENVIRONMENT 
The present invention generally relates to a 
distributed virtual environment in which the movement of 
an avatar controlled by a user is predicted. In 
particular, the present invention relates to a 
distributed virtual environment which is divided into 
zones wherein the likelihood of an avatar moving within 
a predetermined range of a zone boundary is predicted. 

A virtual environment is a computer model of a 
three-dimensional space. At their most basic virtual 
environment applications allow a user to specify a 
"camera" location from which they wish to view the space. 
The application then renders the appropriate view of the 
environment from this location and presents it to the 
user on a monitor of the computer running the 
application. With this degree of functionality virtual 
environments can be used in a wide variety of 
visualisation applications e.g. taking a walk around a 
building not yet constructed. 

Most virtual environment applications are however 
considerably more sophisticated than this and offer both 
an environment populated with objects (termed entities) 
which possess both a state and behaviour, and a means for 
the user to interact with these entities . 

Virtual environments have many applications. One 
which has become particularly popular is in the field of 
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computer games. Games such as Doom and Quake allow a 
user to control an entity to interact with the virtual 
environment modifying the state of entities within the 
virtual environment. 
5 A further development of the virtual environment 

concept is the shared virtual environment. This involves 
a number of users, each with their own copy of the 
relevant virtual environment application (termed a 
client) experiencing a three dimensional space which is 
10 common to them all. Each user not only perceives the 
results of their interactions with the entities but also 
the results of other users interactions . To represent 
the location of a user in a shared virtual environment 
a special case of entity, known as an avatar is employed. 
15 This provides a visual representation on all of the 
clients as to where a particular user is viewing the 
scene from. 

A shared virtual environment is usually implemented 
using a computer network wherein remote users operate 
20 clients in the network which incorporates servers for the 
virtual environment . 

For simple virtual environments, where the number 
of entities is limited, implementing a shared version is 
comparatively straightforward. As each user joins the 
25 virtual environment a client is provided with the current 
state of all entities within it. As the environment 
state changes, due to either user invoked behaviour or 
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autonomous behaviour, the newly generated state 
information is distributed to all clients, allowing a 
common view between different clients to be maintained. 
However, for larger virtual environments , where both 
5 the number of simultaneous users and entities is large, 
this approach breaks down. This is because the amount 
of information required to supply and support a total 
description of state at each client overwhelms either the 
network connection of the client or the processing power 
!: 10 available to the client. 

One common solution to this problem is to utilise 
■3 the fact that a client does not need to maintain a valid 

state description of any entities its user is unaware of . 
M For example, if two avatars are playing tennis, it is 

5 f 

r: s;; 

Vj 15 important that both their clients are kept fully informed 

\.l of the position of the ball. However, for the users who 

can't see or hear the tennis court it is not necessary 
to inform them of either the ball state or the state of 
the avatars playing tennis. Only when they move into a 
20 position where the court can be observed is this 
information required . 

A common implementation of this solution sub-divides 
the environment into a number of regions, termed zones 
and then groups the entities on the basis of the zone 
25 they occupy. Each users avatar location is then used to 
assess what zones the user is aware of, and the client 
is informed of the state of all entities within these 



zones. As entities update their state they broadcast the 
change only to the clients aware of their current zone. 
In this way the network and processing load on each 
client is proportional to the state changes in their 
avatars surrounding location, rather than the total 
environment . 

An example of an implementation of this type of this 
approach is NPSNET (Macedonia et al "NPSNET : A Network 
Software Architecture for Large Scale Virtual 
Environments", Presence, Volume 3, No. 4, Fall 1994) the 
content of which is hereby incorporated by reference. 
In this implementation the virtual environment is divided 
into a number of hexagonal zones and a multicast address 
is associated with each zone. Each client maintains a 
network connection to the multicast address of the zone 
its avatar is in. This address is used by the client to 
broadcast any avatar state change e.g. movement. 
Additionally the client also maintains network 
connections to the multicast address of any zones the 
user is aware of i.e. within visual or aural range. 
Hence two clients with neighbouring avatars will share 
avatar state updates by virtue of using common multicast 
addresses. However, two users widely separated within 
the virtual environment will not share awareness of any 
zones and hence will not load each others network 
connection with shared state information. 



Figure 1 is an illustration of this zonal 
distributed virtual environment. As can be seen in Figure 
1 an avatar has a range of awareness which comprises a 
volume which is often spherical and" is centred on an 
avatar. This range of awareness encloses all the 
entities that a client needs to possess the state of in 
order to accurately display the world to the user. The 
volume is often defined with respect to the visual range 
of any rendering performed at the client although it may 
be derived from the range of any of the relevant senses 
e.g. hearing. 

In Figure 1 the illustrated area of the virtual 
environment is divided into nine geographic areas or 
zones each of which has a multicast address associated 
with it. Client A has an avatar A in zone 3 and has a 
range of awareness which spans into zones 2 and 6. Thus, 
client A monitors zones 2, 3 and 6. Since the avatar A 
can modify the state of entities in zone 3, and since the 
avatar state changes, updates are made using the 
multicast address for zone 3. Avatar B has a visual 
range which encompasses zone 3 and client B therefore 
listens to zone 3's multicast address as well as zone 2's 
multicast address in which the avatar B is present. 
Therefore, any changes to avatar A will be detected by 
client B and similarly any changes to avatar B will be 
detected by client A. In contrast, avatar C has no 
visual awareness of zones 2 or 3 and therefore client C 
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does not listen to their multicast addresses. This 
reduces the network load. 

Figure 2 is a schematic diagram of a network hosting 
the virtual environment schematically illustrated in 
5 Figure 1. Nine servers (1-9) are illustrated 

interconnected by a communications network 10 such as a 
local area network (LAN) or a wide area network (WAN) . 
Each server is responsible for a respective geographical 
zone in the virtual environment and receives and 

""■4 

k ~ 10 transmits the status of the zone using a unique multicast 

5=5 address assigned for the zone. Also connected to the 

i& communications network 10 are three clients, client A 

J:^ (11) , client B (12) and client C (13). Each client hosts 

j ! " an avatar and thus maintains the virtual environment 

'""•4 15 . experienced by the avatar. As described above each 

M client will connect to a multicast address i.e. to a 

server dependent upon the zones of which an avatar is 
aware. A client can either comprise a workstation or an 
application i.e. a computer program running on a 
20 computer. Thus a single computer may host more than one 
client. Similarly a server can either comprise a 
dedicated computer or an application i.e. a computer 
program running on a computer. Thus a single computer 
may host more than one server. 
25 In an alternative arrangement disclosed in our 

copending Application No. GB 9722343.2 filed on 
22 October 1997, the content of which is hereby 
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incorporated by reference, zone managers are responsible 
for managing each zone within the virtual environment and 
thus the location of the avatar within the virtual 
environment and the awareness range of the avatar will 
determine the communications required between the client 
and the zone managers . 

In this arrangement objects in the virtual 
environment have a conceptual model, a dynamics model and 
a visual model. A rule manager is associated with the 
conceptual model. The visual model is provided at each 
client and the dynamic model is associated with the zone 
managers. Thus only dynamics information needs to be 
passed between the zone managers and the clients. 

A problem identified by the inventors in a zoned 
15 distributed environment is how to link avatar movement 
to zone awareness. Figure 3 illustrates this problem. 
Avatar A is in zone 1 and moving towards the boundary 
between zone 1 and zone 2. Client A is therefore .aware 
of the state of the entities within zone 1 (entities 1 
and 2) but is unaware of the state of any of the entities 
within zone 2 (entities 3 and 4). -*trsome point in the^ 
future, avatars A awareness will overlap into zone 2 and 
client A must become fully informed of the state of all 
entities in zone 2 (entities 3 and 4). 

If client A only starts to fetch the initial state 
of the entities in zone 2 at the point avatar A becomes 
initially aware of zone 2 i.e. the awareness region 
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touches the boundary between zones 1 and 2, a number of 
problems can arise: 

1. Graphical inconsistency. While the initial 
state of the zone is being fetched the avatar may 
continue moving towards it. Hence the avatar may be in 
the visual range of entities which have not yet been 
supplied. When the initial state download is complete 
these entities will suddenly appear, giving a visual 
glitch . 

2. User control problems. If the avatar is 
prevented from moving whilst fetching the state of a zone 
(in an effort to prevent the graphical inconsistency 
described above), it will reduce the interactive nature 
of the client user interface. 

3. State Inconsistency. If the avatar is moving 
fast enough it may even cross into the next zone before 
its client has a full description of all the relevant 
entities. This could lead to the client trying to make 
invalid state settings. For example, placing the avatar 
in the middle of a wall because at the time the avatar 
moved the client was unaware of the wall entity. 

In order to overcome this problem, one aspect of the 
present invention provides a method and apparatus for 
predicting the likelihood of an avatar under the control 
of a user in a virtual environment moving within a 
predetermined range of a boundary, wherein the movement 
of the avatar in the virtual environment is monitored for 



a period of time, the model of the avatar movement is 
determined using the monitored movement, and the 
likelihood of the avatar moving within the predetermined 
range of a boundary is predicted using the model. 

Thus, by monitoring movement of the avatar in the 
virtual environment for a period of time the pattern of 
movement can be determined which enables a model to be 
built. This can then be used to predict avatar movement. 
The accuracy of the model is important in order to avoid 
unnecessary downloading of state information. If the 
current velocity in a direction is simply extrapolated 
from the current position for a time, a simple prediction 
can be made. However, such a simple prediction fails to 
take into account a number of factors that directly 
affect the probability of an avatar coming within the 
range of a boundary. A highly experienced user, who knows 
the environment well, will be able to plan paths in 
advance and move quickly between known land marks . This 
will result in long, predictable avatar trajectories. 
By contrast an inexperienced user will need to stop 
frequently to reaffirm their position, and will not be 
able to use known land marks to plan an avatar path. 
This will reduce the predictability of their avatar. 
Also, environments such as games and military 
stimulations where avatar paths are a key part of the 
user interaction, will result in more predictable avatar 
trajectories than those where navigation does not play 
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a key role. For example, a large open room used as a 
chat space will result in fairly static avatars (whilst 
chatting in groups), with occasional short paths to 
random parts of the room (when a user spots somebody they 
want to talk to). By contrast, a game (e.g. Doom or 
Quake) where the typical goals are "travel to this door", 
"traverse this door*', "find this key", etc will have far 
more mobile avatars, moving to specific points, and hence 
producing more predictable paths. Further, the mechanism 
for controlling an avatar normally has to map the output 
of the numerous different devices (keyboard, mouse, 
joystick, tracker ball, etc) into the six degrees of 
freedom available to an avatar (rotation and translation 
in three dimensional space) . The device and map being 
used will impact on the trajectory taken by the avatar. 
For example, using a mouse output mapped directly to an 
avatar's horizontal motion will result in bursts of short 
jerky motions. By contrast a keyboard input by its 
digital nature will tend to produce paths of more 
consistent motion . 

By utilizing a model of avatar movement, these 
factors can be taken into account to provide a more 
accurate prediction of the likely behaviour of an avatar 
based on its past behaviour. 

In a virtual environment in accordance with one 
aspect of the present invention each client utilises an 
avatar motion predictor which monitors avatar motion in 



a recent period of time to establish a pattern of avatar 
behaviour in order to predict the likelihood of an avatar 
becoming aware of a neighbouring zone. 

In order to determine the model of avatar behaviour, 
movement samples e.g. position, orientation, or velocity 
can be obtained for a set number of previous avatar 
movement samples. As new avatar movement information is 
supplied the model is continuously updated discarding the 
effect of older movement samples, thus ensuring that the 
model is of the avatar's current style of movement. 

The prediction technique can take into consideration 
features within the virtual environment which restrict 
movement of the avatar e.g. a window through which the 
avatar cannot move but through which the avatar can see 
into a neighbouring zone. In such a case although the 
avatar can see into the neighbouring zone, it cannot move 
into the zone in that direction and must instead take a 
different path. Thus environmental features will effect 
the predicted likelihood for example by reducing the 
predicted likelihood when a wall lies between the avatar 
and the boundary. 

Prediction can also be performed taking into 
consideration features within the virtual environment 
which restrict the ability of the avatar to experience 
the virtual environment e.g. fog or a darkened room. 
Thus although the avatars awareness zone extends over a 
boundary into a neighbouring zone, because of the 
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conditions, the awareness range of the avatar is reduced 
and thus there is no need to fetch the information on the 
neighbouring zone since it cannot be experienced by the 
avatar. 

The model can be determined as values for run 
lengths indicating the likelihood of an avatar moving in 
a direction for a particular length. Alternatively, the 
model can be determined as run lengths within a corridor 
indicating the likelihood of the avatar moving within a 
corridor in a direction for a particular corridor length. 
A corridor comprises a region in the virtual space 
coaxial with an initial direction of movement in a new 
direction outside a previous corridor. The width of the 
corridor defining the deviation allowed from the initial 
direction of movement before the movement is used to 
start a new run length. 

In another embodiment the model comprises values for 
areas around the avatar indicating the likelihood of the 
avatar moving into the areas. In a further embodiment the 
model comprises values for directions and distances of 
movement of the avatar for periods of time. 

Using the probability of an avatar moving within an 
awareness range of a neighbouring zone, together with 
known network and processing penalties of establishing 
zone awareness, the client can determine the time at 
which awareness of the zone should be attained i.e. when 
information on the state of entities within the zone 
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should be retrieved over the network. If the penalty for 
fetching the state of the entities in a particular zone 
is very high on the client network link, the client may 
decide to wait until the avatar prediction model 
forecasts a 90% chance of awareness of that zone in the 
next second, alternatively, if the penalty is low it 
might decide to play safe and fetch the state of the zone 
when the model only predicts a 20% chance in the next two 
seconds . 

Thus in accordance with one embodiment of the 
present invention a more efficient distributed virtual 
environment is provided by using the prediction together 
with a cost function related to the client network 
connection and/or client processing capability or load 
in order to determine when to establish awareness of a 
neighbouring zone. 

Since the present invention can be implemented in 
software running on a computer or over a network, the 
present invention can be embodied as a storage medium 
storing instructions for controlling a computer to carry 
out the method and a signal carrying computer code for 
controlling a computer to carry out the method. 

The present invention will now be described by way 
of example with reference to the accompanying drawings, 
in which : 



Figure 1 is a schematic diagram of the NPSNET 
multicast arrangement ; 

Figure 2 is a schematic diagram of a network hosting 
the virtual environment schematically illustrated in 
Figure 1; 

Figure 3 is a schematic diagram of an avatar 
approaching a zone boundary; 

Figure 4 is a schematic illustration of a network 
hosting the virtual environment incorporating the 
prediction technique of an embodiment of the present 
invention; 

Figure 5 is a schematic diagram of an embodiment of 
the present invention; 

Figure 6 is a diagram illustrating the termination 
of the intersection boundary from the zone boundary; 

Figure 7 is a schematic diagram of point to point 
avatar motion; 

Figure 8 is a flow diagram illustrating the 
determination of the model using run lengths; 

Figure 9 is a flow diagram illustrating the method 
of using the model in order to determine when a client 
should become aware of the neighbouring zone; 

Figure 10 is a diagram of avatar movement within 
corridors ; 

Figure 11 is a flow diagram of the determination of 
the model from the motion of Figure 10; 
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Figures 12a to I2d illustrate a method of forming 
the model of avatar movement over an area; 

Figure 13a is a flow diagram of a first method of 
determining a model using the technique of Figure 12; 
5 Figure 13b is a flow diagram of a second method of 

determining a model using the technique of Figure 12; 

Figure 14 is a method of using the model to 

determine avatar awarpnpqc ^-p = 

awareness of a neighbouring zone using 

the method of Figure 12; 

10 Figures 15a and 15b illustrate the model using angle 

and distance; 

Figures 16a to l 6e illustrate a method of 
determining the model of Figures 15a and 15b; 

Figure 17 is a flow diagram of the method of Figures 
15 14a to 14e; and 

Figure 18 is a f l ow diagram illustrating the method 
of using the model in order to determine avatar awareness 
of a neighbouring zone. 
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Figure 4 is a schematic illustration of a network 
in accordance with an embodiment of the present 
invention. The network comprises servers 21 and 22 
interconnected over a communications network 25 to 
clients 23 and 24. The network is thus similar to Figure 
2 except a motion predictor 26 or 27 can be provided in 
the client 23 or the server 21 respectively (although the 
figure illustrates both only one will be provided in 
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practice). The clients 23 and 24 and the servers 21 and 
22 can be implemented as a computer program running on 
a host computer thus allowing multiple clients and 
servers on a single computer. The motion predictor 26 
5 or 27 can be implemented as a computer program on a 
computer hosting a client or a server. The location is 
not important so long as access to information on avatar 
movement and the virtual environment is available. The 
communications network 25 can be any form of network such 
10 as a LAN or a WAN . 

Figure 5 illustrates one embodiment of the present 
invention schematically wherein a virtual environment 
application 30 is hosted on a virtual environment client 

31 controlling avatar movement from which is available 
15 the current avatar movement and environment information. 

Avatar movements for previous time periods are also 
output and a sliding window of samples (termed the model 
time frame hereinafter) is used by the motion predictor 

32 to build a model of avatar motion. The environment 
20 information is used to determine the proximity of the 

zone boundary to the avatar. Within the virtual 
environment application 30 the motion predictor 32 
predicts the likelihood of an avatar coming within a 
predetermined range of the boundary of the zone. This 
25 prediction is used by a virtual environment client 31 in 
order to determine when to fetch the state information 
for a neighbouring zone. 
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As mentioned above, the motion predictor 31 need not 
necessarily be placed on the same computer as the virtual 
environment client 31. If the responsibility for 
establishing client awareness of a zone is moved to a 
5 server e.g. the same server that delivers the zone state 
information, the motion predictor 31 can be placed on the 
server . 

Since the motion predictor continually builds its 
model of avatar motion using new avatar movement samples 
10 as they are supplied by the client, it will dynamically 
adapt to new types of motion. For example, if the user 
redefines the application interface in a way that gives 
less predictable avatar motion, as new avatar movements 
samples are fed into the prediction model this new 
15 uncertainty will be reflected in the output of the motion 
predictor. This will again enable the client to modify 
its policy for establishing its awareness of new zones. 

In normal operation the client will want an 
assessment of the avatars awareness crossing into a zone. 
20 This is equivalent to detecting whether an avatar is 
within an awareness range of the zone boundary. It is 
thus possible to determine an intersection boundary which 
is provided at the avatars awareness ranged from the zone 
boundary as illustrated in Figure 6. Thus instead of 
25 predicting whether the awareness zone will cross the zone 
boundary, it can equivalently be predicted whether the 
avatar will cross the intersection boundary. This 
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technique of predicting the coincidence of the avatar 
position with the intersection boundary rather than 
predicting coincidence of the avatars awareness range d 
with the zone boundary simplifies the computation. 

In Figure 6 at an area marked "e" a small error 
occurs where the intersection boundary should in fact be 
rounded to ensure that it always lies at a distance d 
from the zone boundary. This error can however, be 
assumed to be negligible. 

In the embodiments described hereinafter the 
prediction is thus a prediction of whether the avatar 
will cross the intersection boundary as illustrated in 
Figure 6. In all of the following embodiments the 
position of the avatar is monitored at movement sample 
periods and the samples are used to populate each model.. 
A window of samples, termed a model time frame, are used 
to form each model and the size of the set of samples and 
the frequency of its update is implementation dependent. 
When selecting the size of the set the implementation 
20 should ensure: 

1. The set is large enough to reflect the general 
style of avatar motion, and not temporary types of motion 
caused by the local environment. For example, an avatar 
walking down a spiral staircase will be forced to adopt 
a curved path. A very small sample set in this scenario 
would cause the prediction model to reflect avatar motion 
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ulls embodiment- t 

sables are input in the In S « «» «» t t„o 

w ithin a corrido ; In 5tep s " — t run 

«- — in the tabi ; £o " - ^ step S18 

incremented. In sr CUr " nt ru " l««9th is 

a ln s tep S20 the next- ^ 
is awaited. when + u sample point 

Whe " the next sample point is r . ■ 
step S21 the length of ^H received in 

S Curre "t samples in ^h 
time frame are i„ nra the model 

ceremented such that n is set 
" + ^ I" step S22 it SSt e *-l to 

- current sam ple q ^ ^ her the 
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the process proceeds to step s23 wherein tt ^ 

whether there iq ^ r^u-, 

is a change m direction. if notf the 

process returns to sten e 17 u 

step S17 whereupon the current run 

length within a corridor- i <= ^„ 

ridor iS determined. if a change of 

direction is determined in st Pn • 

in step S23, m step S24 the run 

length is restarted from t-h~ 

rrom the previous sample and the 

process returns to step S17 . 

If in step S22 it is determined that the model time 
frame is full, the first sample point in the model time 

frame is incremented to th<= fiv^ 

to the first sample point in the 

second prediction time frame in the model time frame ^ 
in step S2 6 correspond^ table entries for ^ ^ 

prediction time framp .c • 

frame (the f lr st run length) are removed. 

The process then proceeds to step S23. 

This embodiment can be considered to be . more 
relaxed version o£ the embodiment illustrated with 

reference to Fiaurpq n ^ ^ « 

xgures 7 and 8 since the run length 

embodiment illustrated in P ;„ 

a ln Fj -9ures 7 and 8 can be 

considered to have a corridor of 0 width. 

A third embodiment of the present invention will now 
be described with reference to Figures 12 to 14. 

This approach attempts to map avatar motion into a 

probability area of occuwUnn 

occupation. As can be seen in Figure 

12a the avatar motion c=.n k= „ 

ion can be seen as a number of paths 

between points and thic, it . u , 

* this is broken up in the method to a 

series of segments 1 to 7 
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"«h of the stents co.prises . prediction ti me 

thus co mprises S e„en prediction ti«. fra mes in this 
embodiment . 

Referring to the fi™, ^- 

the flow diagram of Figure 13a which 

illustrates a first method, in step S30 i-h« <- 

f xji step bjo the first sample 

point of a prediction i--;™.-. * 

P diction time frame is used as the origin 

of the model and thus the prediction time frame is 

relatively aligned with the origin of the model. In step 

S31 the prediction time* fr^. • 

tune frame xs relatively aligned with 

the model usino th^ r^^-hu 

the path to the reference sample point 

as illustrated in Figure 10b T ha 

9 10b ' The reference sample point 

comprises a fir^t 

' Sample P° lnt in a segment and thus a 
first sample point in t-v,^ 

P xnt in the prediction time frame. The 

path to the reference c 3m ~i 

xerence sample point is illustrated as " U " 

in Figure 10b. i n sten -v. 

J-n step S32 the next sample point is then 

received and the sample point counter n is incremented, 
in step S33 it is then determined whether the number of 
sample points n is eoual +■« M • 

equal to N i.e. the model prediction 
time frame is full T f „~4- • 

^ not m step S34 the avatar path 
to the next sample no* «+■ • ^ . 

P P ° lnt 13 defined and in step S 35 for 
areas through which t-h« = ^ 

h the avatar P ath Passes within a 

predetermined area i © «_u 

a i.e. within the circle of Figures 10b, 

10c and 10d, table entries ■ 

entries are incremented. m step s36 

- is then determined whether the next sample point is 
outside the predetermined area i.e. whether it is the 
" P ° int ^ 3 ™ P ^ ti on time frame. If not the 
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process returns to sten sw f 

point I£ the rSCeiVS — S -Ple 

t SamPlS P ° int 13 ° UtSide the area in 

step S37 the sample point- • 

Dn . . 15 madS the "Terence sample 

Poxnt and the process returns to step S30 h 

i-o step S30 whereupon the 

reference sample point i « i • 

15 allgned With the origin of the 

model . 



8 " " d a — ™ Point nas bee „ received 

*n step S38 the f irst sam , ' 

amplS P ° lnt in the model time 
frame is incremented to the fi^t- 

the f lrs t sample point in the 

second prediction time frame i.e. to a first sam D l • 

a Iirst sample point 

of the second segment on, 

, . ThSn ln st ep S39 the table 

entries for the* f,-^ 

fxrst prediction tt» frarae in t „. model 

are removed and i-h Q ~ 

S Pr ° CeSS P™=-«. to step S36. In 
this way the model t- * 

time frame becomes a sliding time 
frame so that the model only takes in, 

u Y kes into account recent 

behaviour of the avatar. 

In the flow diagram of Fiaure n a 
f . figure 13a the model time 

frame is moved along one prediction i- ■ * 

Th„«, . * Prediction time frame at a time. 

Thus, the model time f MmQ 

ime frame moves coarsely in jumps. In 
an alternative embodiment the * , 

nt thS model time frame is moved 
along point by point Uno 

P WhSrein the P^diction time 

frame of samples i n a m ^ • 

a model is used each time 

increment table entries. 

This method is ili,,^*- ^ , 
S300 fh , ^"""rated i„ Figure „„_ 

S300 the last predicHn„ * 

" framS ° f —P 1 - in a model time 
frame of samples is selected and • 

ected and m step S3l0 the 
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of the model i s ro i^- 

relatively aligned with a rB f 
sample point as can be seen • Terence 

De see n in Figure 12b <vu 
sample point comprises a £i 9 12b - "» «<•«"=. 

ixrst sample point i n ^ ^ 
*» st ep S320 the predict . n ""assent. 

faction time frame is „,„. , 
5 aligned „ ith the modol . relatively 

model using the path to the f i . 
reference sa mple point . , 

ne avatar Path to the next 
then defined in step S330 „ . is 

i-h . d ln Ste P 5340 for areas 

through which the avatar 
10 * ^atar path passes within a 

»», 12c, and 12d) table entries are • * 

"cries are incremented 

S35 ° ^ iS ^ermined whether the end of th 
Prediction frame has been r., h , 

it is det - ^ ln Ste P ^360 

it is determined whether t-h~ 

th. „ Sample P ° int outside 

the predetermined area i e th. • , 

12d if . ClrClS ln Fi ^-3 12b to 

J-^d. if not th proces _ r ^ 

th. . rStUrnS to st ep S330 to find 

the next avatar path i n th. 

- outside the oircl i i ^ ' " ^ ^ ^ 

«- prooess ^ ^ ^ ^ ^ 

~ is time ali^d ^ r m r," herein ^ ^ 
It can thus be se.n m fc 

Sen that s teps S320 to S370 are 
repeated until all of th. „u 

h „ « hS Paths ' of the segments l to 7 

have been mapped into n, 

m ° del t0 —late counts for 
the areas shown as squares Figure 12c fc . 

12C thr °^ h »^h the 

of the areas are , nd ^ ^ ^ ^ <~ ^ 

indicated in Figures „ c ^ 
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Shadi " 9 " here — m»«»t.. a higher 

count . y**«i 

» in step 3350 th . end of the prediotiQn 

t T reached ' the first sampie poi - in «>• — 

7. " - step S3B0 and th . table 

entries for the oldest ** mn i ■ 

West sample in the model time frame are 
removed in step S390 Th Q 

390 • The P«cess then returns to step 
S300 to repeat for the next prediction frame. 

i^i" r r to utiiise the m ° dei to p — «» 

likelihood of an 

an avatar crosqinn -hk 

crossing the intersection 
boundary, as illustrated i n p ■ 

bo . d ln FlgUre 14 ^ step S40 the 

boundary position and ang le is input and in step ^ ^ 

-undary is overlaid on the model as illustrated ±n 

^ ^ ^ C ° UntS '~ — s crossed by the 

boundary are then added un ir, - 

d UP ln ste P S42 and in step S43 
the counts are calculated as * na 

d 33 a P^centage of the total 

number of coiint-s _ 

counts m the model. The h^k-u 

me likelihood generated 
- step S43 i. then comparad „ lth _ threshoid ^ ^ s ^ 

ana lf the thr esn 0ld is exceeded in ^ ^ ^ 

17' inf ~°" °" o £ .one b e yond 

the boundary. 

A fourth embodiment of t„ Q 

ent of the present invention will 
now be described with rof. 

th rSference to Figures 15 to 18. 
In this embodiment <=,,r-^^ 

fc SUCC6Sslve Periods of avatar 
motion (sample sequences f rnm «-», 

4 nces from the sample subset) are 
analysed against a serioc * 

series of potential zone boundaries 
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to build a probabilitv r>f k~ ^ 

lty ° f b °undary crossing model 

-dei is . xpr .... d as a tabie with three dimensions ; 

I- Angle between avatar direction of motion and 

zone boundary line. 

' 2 ' DiStanCa bet "~ » -atar position and zone 

boundary line. 

3 • Time . 

The granularity of w-, 

° f thls table is determined by the 
processing power available 1-0 *-v, 

uabl e to the predictor. For a very 

fine rained table, each se quenc e of sampl es in the 

= a m ple subset is compared against a numbM ^ 

potential boundaries rvu-or- = 

' ° VSr 3 Wlde °f times, and the 

table populated with the result, - 

results. The coarser of the 

table granulator the fewer- th Q k 

WSr the boundary comparisons and 
15 less representation is required. 

For example, if the model uses a granularity of 

30 degrees and forward Hicf, 

rward distance steps to approximate 
relative zone boundaries 4R h„ * 

rxes, 48 boundary representations 
will be produced. Thi, -i n 

15 Ulosttate " in Figure 15a. 
Note that t h e zone Varies are considered to extend 
to infinity in both direction, such as shown in Figure 
15b for a set of boundaries at a particular distances. 
A method of thic ■ 

this embodiment of the present invention 
will now be descrih Q ^ -^i. 
25 1? escrrbed with reference to Figures 16 and 

The last predi nt- 1 ^ * 

P ediction frame of samples in the model 

time frame of samples i «* ^ _, 

Pies i S selected in step S50. This is 
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assuming that this has h~ 

thro h 35 beSn Carrie <* out iteratively 

throughout the model t-i m ~ * Y 

frame f ° r Prediction frames 
starting at each <^™~i 11195 

sample point that finishes outside th. 
outer boundary segment of th 

yiutsnt of the model as for- 

• embodiment. The ori„- Previous 

alio h ■ ° £ ra ° del is "iatively 

aligned with a reference • 

first „ , amPlB P ° lnt " hich comprises the 

SamP " P ° int - «» -diction <-t.p s 51) 

*» 3te p S5 2 the prediction time frame is 

sample point. The results of steps ssi „ 

seen in p- " d S52 can b ^ 

seen m Figure 16a. 

1. S " aV "" ^ - - — — P-t 

table entries for bounda ri =. =«any 

a ° rOSS " hiCh the av "« P«h 
passes are incremented m tt • 

ec l. In Figure 16b no boundaries are 

^ossed and thus no table entries are incremented. 

-p S5 5 it is then determined whether the predict! 

- — ~ i.e. whether the 
sample point is outside 1-h 

the ° UtSr bou "*ary, and if not 

the process returns to «=- 

StSP 553 • As can be seen in 
Figure 16c the path to rh 

SamplS P ° int is defined 
-d thx. crosses eight of the theoretical bo H • 
whir-h = • ucai boundaries 

which are incremented c in „ 

6aCh Sample P°i"t 

corresponds to a timp „^ . 

time period these entries are made 
corresponding to th*t- 

e , Particular time period. For 

example, if the sample rate is 10 hertz the 

0-2 of a second would be inc " 

^ be incremented in the table. 



figure 16d illustrates 

to S55 whecein ■ ~« -o P through steps 

°ijj.e entries for 0 1 
implemented for tho , n ' 9 second are 

1 b ° Und -y s egments crossed 
Figure I6e in ^ u • 

5 "fth sampie at 0 . P " h £ " m fourth to 

crossed. ' S " 0ndS ^ ^ » ^u„ dary segmants 

" should be noted' that th „ 
boundary segBents cross£d ^ d — Nation of ^ 

«» path to each point it " "P- 
° Path £rom the " made in *P-nd.»c. upon the 

ri91n to "e sample 

nMb " ° £ b — «y segments crossed 

™ - ntin t he ::i^::r- f — 

•» — -th y rZL t IT™ and since the — 

dif£e :: n ir s ;: entries ~ each sampla tira " a 

the number of counts'" ^ ^ ^ Pr<!diCti0n frame 
-oed to the running total 7 "^"^ ^ f ™» 
the entries for th e t hr *" ^ ^ »~ i.e. 

-ent prediction .J^T^ ^ <°* ~« 

-i-me frame i s • 

dimensional table for th " the three 

- the model time tnnm '. ^ "~ 

The process thpn 

T — — - - ^i ti : lr; tep 558 the 

and in step S59 the incremented 

table e„ tri e s for the oldest same, 

Cb sample 
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in the model time f rame 

ame ar e removed in orrior *- 
the table. The cm, Update 

process then returns to step S50 so ,u 
the prediction time can 

3 Figure 18 i s fl fl 

t-bX- is used 7 " dia9 " m " — the 

Sd - ^ St * P 560 the distance angle and • 
to the zone boundary are , * tlme 

— coordinates J lo k ^ ^ " 

— . - j: the •< — - - 

S are then calculated as a 
Percentage of the i-o*- =1 a 

the total number of counts in the tab , . 
step S62 in order tQ thS table « 

t0 rSturn a likelihood of the av.t- 
«o.si„ g the intersection boundary x 

-en determined Aether the ^ " " 

threshold and if so — 

— on the - zrrs — — 

boundary. 2 ° nS be >- ond the 

step s A 6 V° r T PSrVlOUS B — — - threshold in 

step S63 can be nrpHo^ ■ 

cost fU nction ^ " * d ~»* « « 

such as network and processing Dsna , , ■ 
of establishing 20ne awareness. 

Although in all the 

in 5 obtained direct * 

— 1) this likelihood ^ reCtly <"» »» -1. 

account the virtual snvi o <" ^ 

environment between the .v.* 
the boundary e.g i£ a „ ,, aVatar and 

boundary the li kel ^"^ ^ "«« ■=„. 

^'^ ^ — according ly . Thus 
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the predictor can not onlv t „ 

out also the local " 
-Local environment. 

By determining the i-, , 

y tft e likelihood of th< => 
awareness region c rossing ^ * Vatar 

5 determine when and if * * ^ " ^ — i Dle to 

download the state of * 
-hich the client is not c ° f * Z ° ne ° f 

not currently aware <?,- 
downloading of the state of a * ^ 

and processina i „ " ln,P ° Sed by the " et — * 

- »™ y do „ nl oi d ; ;;; ;;:r e ; - — 

necessary to track all the * " ls 

6 Ch ««" ^at occur 

1C to ensure that- +-k 

Therefore, the ac 

^necessary tra ££ic ^ ^ 

- — sary do „nloa d id ^ ^ 
In accordance with th Q 

indention b y taking , f ^ °' ^ 

-d process^ """"""^ «» network 

P oc ng penalties of estabiiswng 

it is also possible for th» >■ S ' 

10 r the client to contmi 
the downloading of stat* • « and tune 

— nt state of t — «°n in order to suit the 

en.iron.ent. ^ — the virtual 

-e present invention can b e implemented in an, t 
°f zonal distributed vi r tual . ^ ty£>S 

system and t „. ^ ' such as the 

the system described i„ „ 
application number GB 972 2 3 43 . 2 . copending 
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Although the present- 
h • P M lnve ntion has been describe 

hereinabove with reference tn - 

ience to specij 



is apparent tc 



specific embodiments, it 

3 Skille * Person in the art t-h „ 

modifications are possih! • at 

possible within the spirit and 

* of the present invention. ^ 



